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THE CHALCIDOID PARASITES OF THECOMMONHOUSE
OR TYPHOID FLY (MUSCA DOMESTIC A LINN.)

AND ITS ALLIES.!

By a. a. Girault axd George Ethelbert Sanders.

The University of Illinois.

Habits in General and Biology.

A. Oviposiiion. This appears to be the only function of the

female. When thus engaged she is not easily disturbed and the

function is normally performed even in small capsules or vials, and

in the insectary at various times, females were often observed attempt-

ing to gain entrance to breeding-cages containing their hosts; in the

case of large cages they were quite often successful and under certain

conditions it was impossible to keep them out. The following detailed,

though fragmentary observations were made on ovipositing females.

(1) Sept. 12, 1908. —The female often faces towards the caudal

end of the host puparium when engaged in ovipositing —on this date,

in the cases of 8 host puparia (Phormia regina), apparent oviposition

was observed once in four cases and twice in the other four —
- the

times of these ovipositions were between 9 :55 A. M. and 1 : 20 P. M.
and the time required to deposit a single egg varied from 1^ minutes

to 16, averaging 1\ minutes; the particular spot on the host puparium

into which the ovipositor of the female was inserted was usually in the

region of the 4th and 5th segments, but varied to the 6th and 7th or 7th

and 8th. The hole made by the ovipositor was not distinct afterwards,

but in many cases it became covered with a white mycelium-like

growth the nature of which we have not determined. (2) On Sept.

29, 1908, at 11 : 30 A. M., in the case of three virgin females ovipositing

into the puparia of Phormia regina, the ovipositor was inserted for its

full length for 3, 7 and 8 minutes respectively. (3) On Sept. 13,

1908, a female was watched while ovipositing into a hard puparium

of the Phormia. The puparium was pierced by rotating the ovipositor

and pressing it down, the force of the pressure often causing the organ

to bend, when the rotary motion was more easily seen; this continued

I Continued from Vol. XVI, p. 132.
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for 11 minutes; the abdoiiien, during this time, was inclined upward,

its tip apj)lied to the surface and the ovipositor appearing as a per-

pen(Hcular rod issuing from the venter sUghtly beyond the proximal

third. After drilHng through the crust of the puparium, the rotary

motion was considerably lessened but not entirely discontinued and

10 more minutes were consumed in working the ovipositor back

and forth, apparently in order to enlarge the aperture, the edges of

which were frayed. The ovipositor was then pushed farther into the

aperture, the abdomen moving up and down slightly arid gradually

being triangularly or conically produced at the i)ase of the ovipositor,

and as the latter entered farther, approaching nearer and nearer to

the surface of the puparium, until after 30 seconds the ovipositor was

fullv inserted. The female then remained motionless for 3i n;inutes,

when the ovipositor was partially redrawn and reinserted two or three

times, and finally wholly withdrawn from the host, assuming its usual

concealed position within the valves along the venter. Upon the

withdrawal of the ovipositor, the female immediately left the host.

The time that she was engaged in the whole operation was 2b\ minutes.

(4) Observations made on three females depositing eggs into puparia

of the Phormia, on Sept. 29, 1908, showed in three instances that the

ovipositor was fully inserted for 70, 90 and 95 seconds resj^ectively.

(5) On Sept. 18, 1908, a female of this parasite was confined in a

small homeopathic vial with a quantity of muscid puparia of varying

ages —some three or four days old, some but several hours. The

female chose an "old" puparium, formed about two days, and ap-

parently deposited three eggs into it, one following the other. At

first, she chose a place for inserting the ovipositor by examining closely

the entire surface of the host; the ovipositor was then guided to the

spot by l)ending the abdomen, the whole body convexly bent, the

head turned as though the insect was watching the operation; as soon

as placed, the ovipositor Avas released from the valves along the venter

and the abdomen assumed its usual position. Piercing the shell of

the puparium recjuired 1^ minutes; the ovipositor was then inserted

for its entire length, without other delay, and as quickly withdrawn,

fifty seconds being occupied in enlarging the hole. After this short

period of time, the ovii)ositor was pushed in again for its entire length,

remaining so for forty-five seconds, during which time, apparently,

the egg was deposited. After the ovipositor was withdrawn, the

parent parasite carefully examined (he puncture with the anteimae
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and mandibles and apparently also by means of sight. (6) The
deposition of an egg observed at 9:45 P. M., Sept. 14, required 16

minutes; the host was Phonnia regina. Another observation made

at 10: 15 A. M. the same day, showed that the act required 8 minutes;

the host puparium was that of M'usca domesiica; in the latter case, the

ovipositor was inserted into the 9th segment of the host. A female

was observed to deposit an egg in confinement at 7: 30 A. M. to-day.

(7) A female confined at 9: 20 A. M., Sept. 10, deposited into puparia

of the Phormia at 9: 32 A. M. and 1 : 20 P. M. the same day. One
confined at 10 A. M. the same date with 2 puparia of the same host

oviposited at once. (8.) In the cases of 4 females confined separately

in vials each with 4 (in one case 8) puparia of Cynomyia cadaverina

Desv., April 29, 1909, oviposition occurred with one female at 10:25

P. M., April 30, and again at 9 P. M., INIay 1 ; no other observations

were recorded. (9.) Nine males and twenty females confined at

11: 20 A. M., April 29, with 10 puparia of the same host commenced

oviposition about noon, or sooner, and oviposition was observed at

nearly every hour between 9 A. M. and IIP. M., for several days.

B. Nature of the Parasitism. Examinations made of parasitized

hosts, showed that in all cases, the parasite is "social" or gregarious

and does not attack the host until after the formation of the puparium,

preferably after the latter has been formed for at least twenty-four

hours. Puparia of Phormia regina examined, were in some cases filled

entirely with the larvae of the parasite which had totally consumed the

host pupa; for example, from one puparium 47 larvae of the parasite

were removed ; from another 8 larval parasites were removed, together

with a shriveled pupa of the host —none of the parasitic grubs had

entered the body of the latter, which indicates that the parasites are

external as far as the host pupa is concerned, obtaining their nourish-

ment by means of absorption; in the case just cited, one of the parasitic

larvae was attached to the head of the host pupa over the eye, one to

the thorax and six to the abdomen. In a third Phormia puparium,

there were found 21 larval parasites, the host pupa being totally con-

sumed; in four more single cases there were 8, 13, 13 and 16 larvae of

the parasite respectively. In another, 27 parasitic pupae were found,

from a single puparium of Sarcophaga sp. "e" 22 d^(^ and 4 $ $ of

the parasite were taken. As a rule, the remains of a parasitized host

—the fully formed pupa —is a flat, scale-like mass apparently con-

sisting of the ventral shell of the pupa and that of the head; for
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example, the thecae of the eyes, legs and wings are discernible, and

the remains are not much shrunken, so far as the original length

is concerned. In the case of Cipiomyia cadaverina, in one j)upa-

rium infested with 21 larvae of the first spring generation, the

parasites were all attached to the dorsal surface of the host from the

})ronotum to the tip of the abdomen ; these parasitic larvae were nearly

full-grown. But in another puparium of the same host, in which 13

larvae were found, their attachment to the host appeared to be hap-

hazard, and the host pupa was considerably shrunken, especially in

width. It is evident, from their appearance, and from the fact that

the larger larvae are found attached externally to the host —between

it and the inner walls of the puparium —that the larval parasites

obtain their nourishment through the body wall of the host pupa,

leaving the integument intact. In both of the latter cases, the host

pupae were nearing the final ecdysis when they were attacked by the

parasites.

Although gregarious, the host is not as completely destroyed as by

Spalangia, Muscidifvrax or Pachi/crepoideus, which though solitary

parasites, reduce the host to a mere flat unrecognizable shell.

In addition to the foregoing, Mr. Maurice C. Tanquary has kindly

collated the following records from our rearing notes:

Table I. Number and sex of parasites {Naso?iia hrevicornis)

ISSUING FROMPUPARIA OF Phormia regina.

Males Females Larvae. Total.

3
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[ales.
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The puparia from which the t'oregoino; records were made were

selected at random from a large t|uantity formed by maggots obtained

August 28, 1908, in the decomposed cadaver of a large angora cat,

taken from the city dumping-grounds, Champaign, Illinois. Each

puparium was confined separately in a gelatine capsule, until the

parasites emerged; they were confined' on Sept. 15, and on Sept. 29

the majority of the parasites had emerged; the count was not made,

however, until nearly a month later, or on Oct. 19, 1908.

In 119 puparia there were 1496 individuals of Nasonia brevicornis,

of which 710 were males and 786 females. The average number of

males in each puparium was 5.96, of females 6.60; the average number

of specimens from each puparium was 12.57. Of the whole number,

52.4% Avere females and 47.6% males. The averages do not include

8 larvae found in two of the hosts.

On the date of counting —October 19th —8 of the puparia were

found to contain larvae of the parasite, some in addition to the adults,

over half of the larvae being still alive; but 14 of the puparia contained

only dead pupae of the host, that is to say, were not parasitized. So

that of the 140 puparia examined, 14 w^ere not parasitized, 126 were.

The total number of parasites in the 126 parasitized puparia, includ-

ing larvae, was 1555, and on this basis, the average for each host was

12.34, very near the former average. The maximum number of

parasites obtained from a single host {Phormia regina) was 47,

recorded in the first paragraph of this section; the minimum was 1,

recorded in the table.

The meconial discharges of this parasite, found scattered through

the host puparium, are brownish yellow or dark olive green in color

and consist of small conglomerations of round pellets, or are some-

times in irregular chains like some bacteria, but are never single, solid

pieces as with Pachi/crepoidru.i, Spalangia and Muscidifiirax.

C. Length of the Period of Ovi position. In the cases of two females

captured and confined together with eight jjujiaria of Mii.sca domestica

at 11:30 A. M., Sept. 10, the first oviposition was observed at 1 P. INI.,

Sept. 10, the second at 7:30 A. M., the following day, the third at 10

A. M., Sept. 14, and the fourth and last, fifteen minutes later; here,

at least, oviposition was continued over a period of 3^ days or more.

In the case of 9 males and 20 females, parents of the first spring

generation of 1909, which wore confined at 11:20 A. :\I., A])ril 29,

1909, with 10 healthy ])M])aria of Ci/nonii/ia radavrrina which were



1910] Girault and Sanders —Chalcidoid Parasites' 15

freshly emerged (average, 9 A. M., April 29) and of the same age,

oviposition was begun at noon the same day and continued steadily

until at least 9 P. M., May 2, 1909, when further observations were

interrupted. These facts also hold for a single female of the same

lot confined separately with 8 of the hosts.

D. Time Elapsing between Emergence and Reproduction. Eleven

adults of mixed sexes emerging from a single puparium of Phormia

regina, from 11 :45 A. M. to noon, Sept. 28, 1908, were at once confined

together with four healthy puparia of the same host. At noon the

following day oviposition was observed, or after a period of twenty-

four hours. One pair of adults emerging at 8 A. M., Sept. 30, was

confined immediately with seven healthy puparia of the same host;

at 8:13 A. M. mating was observed and at 6:50 P. M. the same day

the female was observed ovipositing; or after 10 J hours. Mating

in this instance followed almost immediately after emergence, and

lasted for 14 seconds. In the case of the parents of the first spring

generation of 1909, mating followed almost immediately after emer-

gence and oviposition about 3 hours later.

E. Duration of the Pupal Stage. This was obtained in one case

only. A larva j)upated during the night of Sept. 17-18, 1908, the

newly formed pupa being yellowish white; by the twenty-first of the

same month, the pupa had assumed nearly the colors of the adult,

dark greenish, the head and thorax coloring first, the abdomen a

few hours later. The resulting adult female emerged at 10 A. M.,

Sept. 23, 1908, making a pupal stage of approximately 5^ days. The

average length of this stage for the first spring generation (17 cases)

was 9 days (May 14-23, 1909).

F. Length of the Life Cycle. The few incidental observations

obtained on this point are herewith given in tabular form. (Table II,

p. 16.)

Thus while the average daily effective temperature shows a gradual

decrease, there seems to be no corresponding increase in the duration

of the cycle.

The duration of the cycle appeared to be somewhat longer in the

case of the first spring generation, however, when the daily average

effective temperature was low. Thus, hosts exposed to recently

mated adults from noon, April 29, 1909, to late on May 2—ovi-

position continuing throughout that time —were filled with the

nearly full-grown larvae of the parasite on May 13, pupation com-
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Table II. Duration of the Lile Cycle in Nasonia hrevicornis,

1908.

Lot
No.
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puparia, of which they made use for purposes of oviposition, whereas

those having access to but one or two host puparia, especially those

of the smaller host, Musca domestica, produced the least progeny.

These experiments were performed at various times in the laboratory

and are by no means conclusive, that is, do not establish the range or

average of fecundity.

Table III. Progeny of Single Females of Nasonia brevicornis.

Female
No.
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The specimens are from various sources, but the great majority

were reared from puparia obtained under natural conditions, so that

the general result should show a nearly normal or actual ratio of the

sexes. The table follows.

Table IV. Proportion of the Sexes in Naso7iia breviconiis.

Lot
No.
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the light were removed and released to be used in an experiment to

test artificial propagation. Unfortunately, these were not counted in

regard to sex, so that it is unknown whether the females greatly

predominated, a result which w^e were led to suspect from the fact

that this sex appeared to be more attracted to light; for the first 932

individuals taken from the experiment, after all emergences, were

females, dead in the exit-tube, which alone was light. Lot No. 3 is

the most complete record made, none of the emerging parasites having

escaped, and we are inclined to think that it represents the actual

ratio of the sexes, the females slightly predominating.

The proportion of the sexes in a small number of the parasites which

hibernated as larvae, hence the parents of the first spring generation,

was as 37 males are to 61 females; these emerged during the last day

of April, 1909. Their descendents or parents of the 2d generation

were also of mixed sexes, being the progeny of fertilized females, there

being 24 males to 45 females, which emerged on ]May 25, 1909.

I. Emergence of the Adult. In general, it may be stated that the

adult parasites emerge from the host puparium through from 1 to 3

circular holes, situated variously, usually in the dorsal or dorso-lateral

aspect; and w^hen more than one exit-hole, the two or three are usually

scattered or widely separated. The manner of emergence does not

differ for sex. The exit-hole varies in diameter from about 0.75 to

1.50 mm.; it is usually larger and single when the host is Musca or

Chrysomyia and smaller when Phormia, though this difference may
be more apparent than real. Individual exit-holes may of course

vary considerably in shape; for rarely it may involve the whole of one

end of the host puparium and is then relatively very large and irregular.

The margins of the exit-holes are always jagged or serrate, showing

that the adults gnaw their way out. Specific instances may better

illustrate.

From a single puparium of Musca domestica, 1 male and 6 females

issued from a single dorsal exit-hole just behind the head end; several

parasites of both sexes issued from another puparium from a hole in

the dorsal aspect of the 7th segment; several adults of both sexes

issued from a third puparium through two exit-holes in the cephalic

and caudal segments respectively. Again, 1 male and 2 females

emerged from a more irregular exit-hole in the dorso-lateral aspect of

the caudal or anal segment of the host. In a last case recorded, 2 d^d^

and 4 9 9 issued from a single hole near the cephalic end of the host.
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In the case of Phormia regina. From one puparium, 7 females

issued from a single hole in the lateral aspect of the 3rd segment;

from a second, 37 males issued from 2 holes in the ventro-lateral

aspect of segments 2 and 5; from a third 15 males issued from a single

hole in the dorso-lateral aspect of segment 5; from four more puparia,

of the same lot, 9 males and 18 females issued, making but a single

exit-hole in each of the hosts. In each of the following instances

several parasites issued in the manner stated; both sexes were present:

(a.) 2 similar holes in a longitudinal line, dorsal aspect of 2d and

4th segments, (b.) 3 holes, lateral aspect, 2 on one side at segments

3 and 7, the other at segment 2 on the opposite side, (c.) 2 holes,

lateral aspect of segment 5 and tip of the anal segment, (d.) 2 holes,

dorsal aspect of segment 3 and dorso-lateral aspect of the anal segment,

(e.) 2 holes in an oblique line, dorsal aspect, 5th and 7th segments,

(f.) 1 hole, lateral aspect of segment 3. (g.) 1 hole lateral aspect

of segment 6. (h.) 2 holes, opposite sides, lateral aspect of penulti-

mate segment and dorso-lateral aspect of segment 7. (i.) 3 holes,

scattered, (j.) 2 holes, (k.) 2 holes caudal end, dorsal and ven-

tral aspects of the penultimate segment.

With Chrysomyia, several adults issued from a single puparium

through a single hole in the dorso-lateral aspect of the cephalic seg-

ment; from 12 puparia of this species, there emerged 32 males and

64 females, or an average of 8 to each ; in the case of 8 of the puparia,

but a single exit-hole was present, nearly all in the dorsal aspect of the

3d, 4th, 5th and 8th segments; the remaining 4 hosts bore each 2

exit-holes, usually widely separated.

In Cynomyia cadaverina Desv., 8 d^cJ*, 16 9 $ issued from a single

puparium from two equal round holes in the dorso-lateral aspect of

segments 3 and 5.

In regard to the time of emergence, the males usually emerge from

2 to 20 hours earlier than the females, a few emerging some hours

previous to the simultaneous emergence of the majority, but there

is considerable variation in individual cases. Thus some males may
be the last to emerge, but the tendency is for them to emerge earlier

than females.

J. Local Abundance. In order to show the local abundance of

this parasite during 1908, we have merely to point out the fact that

as many as eight thousand or more specimens were reared by us

during the months of September and October. This large number
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\\as reared quite incidentally, that is to say, without conscious effort

on our part to augment it. From one experiment alone, there were

obtained as many as seven thousand specimens, in round numbers,

though we have no knowledge concerning the number which may

have escaped. Further, the local abundance of this parasite is indi-

cated by the fact that in at least a portion of the experiment just men-

tioned, a portion selected at random, the percentage of parasitism was

as high as 90 per cent. Wehave evidence to show, on the other hand,

that this percentage of mortality of the host was by no means general

but was considerably lower on the average for this season of the year.

Thus, apparently this parasite had concentrated its attack at certain

spots and while common over this locality was not exceedingly abun-

dant over the whole, as the percentage of mortality given in the instance

just mentioned would seem to indicate.

It was the most abundant parasite present in our experiments and

also the one which attacked the greatest numbers of different muscid

hosts, the remaining chalcidoid parasites of importance mainly con-

fining themselves to the house fly.

K. Artificial Propagation. An unsuccessful attempt was made

during the last week of September, 1908, to test the effect of the

artificial propagation of this parasite on a badly infested garbage

heap at the city dumping-grounds. Champaign, Illinois. The attempt

was made too late in the season, however, and in addition, bad weather

immediately following their liberation undoubtedly prevented activity

on their part.

On the afternoon of September 23, 1000 specimens of mixed sexes

were scattered over the garbage heap, which at that time was a veritable

breeding experiment on a large scale. Soon after their liberation,

many of the parasites were noticed crawling over host puparia which

had been formed about a half-inch below the surface of the soil along

the edges of the garbage heap. Specimens other than those liberated

were not noticed at the time, special search being made for them

previous to liberation.

On the date the experiment was inaugurated the percentage of

parasitism by this species was very low as we know from the results

obtained from a collection at random of 186 puparia; for by November

6, 1908, 48 adult flies had emerged (of which 37 were Musca domestica),

6 Spalangia and 2 Muscidifurax raptor Girault and Sanders MS.

An examination made of the remaining 130 hosts, which were hibernat-
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ing in confinement as jniparia, revealed the fact that the majority

had died and that no further parasitism had occurred. After inaugura-

tion of the experiment, weekly collections of the host puparia were

made from the heap of garbage and continued until the first week of

November. The lot collected on September 30 had one puparium

infested with brevicornis but from these collected thereafter no results

were obtained, the collections unfortunately being placed in the warm
insectary and subsequently neglected. Nor were any adults of the

parasite seen during the visits to the heap in the late fall and early

winter. From a lot of hosts collected on November 14, however, the

garbage then being covered with snow, sometime during late Novem-

ber single females of brevicornis issued from a puparium of Chrysomyia

macellaria and from one of Phormia regina; these were evidently

greatly accelerated in development by the warmth of the insectary

and would otherwise have hibernated within the puparia of the hosts.

The remaining lots were examined early in the spring of 1909, but

everything was dead and no indications of parasitism were fQ.und.

L. Hibernation. This parasite hibernates as a full-grown larva

in the puparia of its various hosts, pupating early in the spring and

emerging shortly afterwards, the earliest record being April 28, 1909 —
in numbers the following day. The following data have been gathered

concerning this phase in its life-cycle.

Case I. OnApril 28, 1909, a single broken puparium of Chrysomyia

macellaria was found in a vial in the cold insectary which had evidently

been laid aside late in the previous October and subsetiuently over-

looked. The vial had no data connected with it, so that the origin

of the single host could not be traced. With the broken puparium

were found a living male adult, partly excluded from the pupal in-

tegument and four healthy pupae of the parasite, two of which were

uniformly deep black, showing the nearness of the final ecdysis; the

other two were creamy white in color. The five meconia appeared to

be freshly deposited. On the following day, by 9: 30 A. M., a female

had emerged and shortly afterwards (9: 52) was observed mating with

the male; at 10: 30 A. M., another female emerged. The two remain-

ing pupae died.

Case II. A ])uparium of Phormia rrgina (INIeigen) taken from

refuse matter was inclosed in a vial on October 1, after having been

carefully broken open in order to ascertain the presence of jiarasites;

six aj)parently full-grown larvae of the parasite were found within.
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On Oct. 28, 1908, it was noted that the larvae remained unchanged;

no further note was made until April 28, 1909, when four fully colored

pupae and one Avhite one, were found, as well as five meconia, the

shriveled remains of a larva of the parasite and the remains of the host

pupa. At 10 A. M., April 29, 1 male and 2 females were found re-

centh' emerged; by the following day, at the same hour, another

female had emerged. The remaining pupa died. All were in natural

temperatures.

Case III. In a vial containing 20 puparia and 20 dead larvae of

Phonnia regina —including a single puparium of Chrysomijia macel-

laria —which were obtained from refuse matter late in October,

1908, and thus confined, there were found on April 28, 1909, 11 of the

puparia infested with the parasite as follows. All were in natural

temperatures.

No.
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M. Courtmg mul Mating. Courting in this insect is not a complex

habit. It follows almost immediately after emergence, at least in

confinement. Where a number of both sexes are gathered together,

all recently emerged, the males and females are constantly in motion,

the former active, seeking the females, the antennae of both sexes also

constantly in motion, held inclined upward in the natural position,

giving quick, jerky, wavy movements. When one individual meets

another, the antennae simply touch Avhichever portion of the body

presents itself first and the two turn aside and pass on ; or if they happen

to be individuals of opposite sex and (apparently) the occasion is suita-

ble —which is most often the case immediately following emergence
—the male hastily climbs upon the back of the female, runs forward,

and grasps her head with the fore feet, usually at the lateral aspect of

the eyes or sometimes at the cheeks; the intermediate feet grasp some

portion of the thoracic pleura, usually at the mesothorax and the hind

feet take hold along the sides of the abdomen or the edges of the flat

wings. The legs are not stretched out or used for embracing the

body of the female but the hold is taken by the feet alone, and the

position of the male is not strained but rather that of the natural

position of rest. His body is parallel with and above the body of the

female and projects beyond (cephalad) it, so that the head is between

the upturned antennae of the female and stretched over hers, his

abdomen reaching to a point above the third abdominal segment or to

a point opposite to the distal end of the marginal vein of the fore wings

upon which it actually rests. Having quickly attained this position,

the male senses the antennae of the female with his own and imme-

diately begins suit in earnest by rubbing his head up and down against

the inner (mesal) surfaces of the flagella of the female, —which are

held upward in a V-shaped position, —at the same time holding the

scapes erect and apart and the flagella back, pointing laterad at right-

angles to the scape and at every downward movement bringing the

scapes together; this movement of the head is accompanied by a

corresponding "petting" movement of the female flagella against

the cheeks of the male. The up- and downward movements of the

head are regular and continued for from 5 to 10 seconds, each com-

pleted movement occupying slightly less than a second of time; and

they arc alternated with a i)eriod during which the head of the male is

motionless and his antennae sensing those of his mate, either by touch-

ing both of their tips to the tips of her antennae, or else by stroking
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them up and down, the mandibles, maxillae and labium with both

pairs of palpi are themselves in almost constant motion, but so far as

observed, they play no part as organs of sensation, with the possible

exception of the maxillary palpi. Sometimes, the male rubs but one

of the flagella of the female, turning the head to one side. No other

movements than these are observable, but there is some variation in

the occurrence of either of the two movements described, and also in

the number of times they are repeated before sexual union is per-

mitted by the female. The male may be received coldly; he may
make the movements without attempting union, or after alternating

them three or four times, he may attempt union without success and

then run forward to repeat the actions, and this may continue as long

as the female permits, either resulting successfully or unsuccessfully.

In the presence of other females, if received coldly, the male soon tires,

leaves and seeks another mate. In order to attempt union, the male

has to reverse his position, and run back to the tip of the abdomen

of the female where he usually reaches over the tips of the wings and

senses with the antennae, quickly turning and reaching around again

with the tip of his abdomen, to gain entrance into the vaginal orifice.

Or, on the other hand, he may simply back quickly to the caudal end

of the female and attempt union. In one case, previously cited,

coition lasted for fourteen seconds; in another, for ten seconds.

Mating is promiscuous for both sexes.

The following example may be cited. From a puparium of a host

a male emerged during the afternoon of April 28, 1909; by 9: 30 A. M.
the following day a female had emerged, and shortly afterwards the

pair were in ardent courtship; at 9: 45 A, M., sexual union occurred,

lasting for ten seconds. The male then ran forward again over the

back of his mate and rubbed his head up and down her flagella, one

of the movements of courtship; he then left. After 30 seconds the

male again quickly mounted his mate and repeated the two alternate

movements, described in foregoing, continuously for 45 seconds and

left for the same length of time. After a minute of attentions he made
an unsuccessful attempt to unite with the female, and then left her

for some time (12 minutes). Courting was recommenced after this

interval of time, continuing for five minutes but with no attempt to

unite. Subsequent matings followed during the next 24 hours, though

13 minutes after the last visit of the male, the female had crawled to

some host puparia which engaged her attention, and both were less

taken with each other.
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X. Effective Pardsiiimn.

What may be included under this term is an interesting phenomenon

in those relations which a parasite sustains to its host. Under natural

conditions it may never occur, and here it was observed accidentally.

Whether or not a parasite can overcome the effects of development in

a host at the time just preceding an ecdysis, when development is

liable to be very rapid, is not a very important question, excepting

when it is concerned with a host stage of very short duration such as is

not present here. Nasonia, so far as we know, confines its attacks

exclusively to the puparia of its various hosts; this stage is usually

of short duration, but not exceptionally short as is the egg stage,

so that the period of rapid development immediately preceding the

final ecdysis, being short, would not materially prolong the period

open to parasitism —that is, the pupal stage —if it in turn were

likewise open. The following cases are, therefore, of interest mostly

from the scientific standpoint. The host was Cynomyia cadaverina

in the stage just preceding the final eclosion, though this fact was

unknown when the hosts were exposed to the parasites in confinement

in order to insure a second generation. The parasites were those

from hibernated larvae, or parents of the first generation. The host

puparia were formed on April 23, and were thus six or more days old.

Case I. Three virgin females of the parasite emerging at 1 : 30 P. M.,

April 29, 1909, were at once confined separately in vials, each with

four of the host puparia. Oviposition was not observed. The hosts

were then six days old; by 9 A. M., May 1, eight of the host pujjaria

had excluded adults which were at once released; another adult

excluded at 11 :20 A. M., May 1st, and two more at 8:30 A. ^L, May
2d; the single remaining puparium Avas apparently successfully para-

sitized by one of the females but upon examination on May 15, 1909,

no traces of parasites could be found.

Case II. A pair of adults of the })arasite which had mated for the

first time at 9:45 A. M., April 29, were confined in a vial with eight

of the host puparia; the female noticed the hosts at once but left them

and was engaged with the male for a short while. During the after-

noon, however, she commenced to deposit eggs; at 10:08 P. M.,

April 30, a host fly emerged and again at 10:25 P. INI., the same day,

when the mother ))arasite was engaged in depositing into another host.

At 9 A. M., and 7 and 9 P. M., May 1, three host flies emerged, and

again on May 2, at 11 A. M., and 5 P. M. The remaining host was
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successfully parasitized, it having been partly opened at 3 P. M.,

May 13 and found to contain larval parasites. In this case the para-

site was successful up to within about 24 hours of the final ecdysis,

the host pupa being perfect and with all the colors of the mature adult.

Case III. At 11 : 20 A. M., April 29, nine males and twenty females

of the parasite, which had been freely mating, were confined together

under a bell-jar with ten of the host puparia; oviposition was observed

at noon and was continued with persistence until noon. May 3, when

the observations had to be discontinued. During this time none of

the hosts emerged, though in a control lot, emergence became general

early on May 1, beginning during the morning of April 30. Hence

in this case, the parasites being in greater numbers, not a single host

escaped.

Summarizing, parasitism by Nasonia is "effective" or successful

in many cases almost up to within the few hours immediately preced-

ing the final ecdysis, depending on circumstances; a single female

parasite, for example, would be able to kill a single host puparium up

to within about 1 5 hours of eclosion, but where a number were present,

many would escape before she would be able to deposit into them.

And the converse is true. The host when thus attacked is a perfect

pupa and fully colored.

O. Length of Life in Confinement; Adults.

The adults of this parasite lived for about five days on the average

in confinement, the males dying somewhat earlier. They were unfed

in all cases.

P. Change in Coloration of the Pupa. When first formed the pupae

are yelloAvish white, the eyes garnet, with some duskiness at the caudal

edges of the abdominal segments soon afterwards; the mandibles,

legs, antennae and wing-pads gradually become dusky and about 48

hours previous to eclosion, the head, thorax and abdomen, in succes-

sion, begin to show dark color, the head and thorax together becoming

a deep black before the abdomen shows very much color, and then

after about 6 hours, the latter turns gradually but rapidly black.

A*bout 20 hours before eclosion, the color is jet black, which just

preceding emergence changes nearly to the colors of the mature adult.

At eclosion, the adults are fully colored.
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The H.\rris Memorial Tablet.

On Friday, December 31, the final day of the recent entomological

meetings in Boston, delegates from the various Societies represented

in those meetings went out to Milton \allage, and with brief ceremony

unveiled a simple marble tablet placed on the old "Suffolk Resolves

mansion" to commemorate the residence there of Thaddeus Wil-

liam Harris.^

The inscription, composed by Colonel Thomas Wentworth Higgin-

son, who in his student days was a pupil of Harris, reads as follows:

IN THIS HOUSEFROM 1824 TO 1831 DWELT
THADDEUSWILLIAM HARRIS M. D.

BOTANIST, ENTOMOLOGIST;AND FINALLY
LIBRARIAN OF HARVARDCOLLEGE

IN EACH CAPACITY HE WON
FOR HIMSELF FAME AND GRATITUDE

HE HAD THE MODESTYAND UNSELFISHNESS
OF TRUE SCIENCE

WITH WHATMAY RIGHTLY BE CALLED
ITS CHIVALRY OF SPIRIT

Besides the entomologists, there were present rej^resentatives of the

Milton Historical Society and the Science Club of Milton Academy.

W. L. W. Field.

» See Psyche, VoL xiv. p. 67. August, 1907.


